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1968.-Although "supersensitivity" to exogenous norepinephrine in the chronically denervated feline heart has been noted previously, the The drugs were diluted in normal saline (adjusted to pH 4.5 with HCl) just as the experiment was begun. Solutions were discarded after each run. It should be noted that injection of a diluent blank in various volumes produced no changes in the base-line parameters. Figure 1 shows the actual tracing from a typical dose-response curve for NE indicating an increasing positive inotropic effect with increasing dose. The balloon pressures at end diastole ranged from 10 to 38 mm Hg. In order to be certain that variations in pressure within the balloon were not important determinants of the magnitude of the responses observed, preliminary experiments were done over a wide range of balloon pressures. Figure  2 shows dose-response relationships measured at three different balloon pressures, indicating no change in the percent of maximum response at three different doses of NE.
Maximum positive inotropic responses of the system were induced in the course of each experiment with calcium or norepinephrine.
Greater dose levels of these agents, alone or in combination, as well as high doses of isoproterenol produced only decreases in the magnitude of the maximum inotropic response. The results obtained for all other injections were expressed as percent maximum response. The magnitudes of the responses at each level were compared by paired t testing and the P values indicated.
Changes in the median effective dose (EDGE) between normal and denervated animals were calculated from regression lines for the dose-response curves.
RESULTS
Norepinephrine. In eight out of nine normal hearts there was no increase over base-line in response to 1 X 10eg g NE. All 16 denervated hearts, however, showed a defi-P. J. DEMPSEY AND T. COOPER nite positive inotropic response at this dose (P < .005). The dose-response curve of the denervated heart lies parallel and to the left of that of the normal heart (Fig. 3) . The ED Jo for NE shifted from 8.5 X 10-g g in the normal to 1.6 X 10-g g in the denervated.
The dose-response relationships for NE were also determined after administration of cocaine (1OV g) to a group of six normal hearts. This dose of cocaine had been previously shown to be maximally effective in the system. There was a shift in the threshold dose as well as a parallel shift of the dose-response curve to the left after cocaine treatment, the magnitude of which was the same an that observed in the denervated group. This isdepicted in Fig. 4 and significant decrease in sensitivity at higher dose levels in the denervated hearts as compared with the normals (Fig. 5) . Larger doses of isoproterenol produced arrhythmias in both groups of hearts. The ED~O was 3.7 X 10-9 for the normal hearts and 6.3 X 10wg g forthe denervated hearts.
Calcium. The dose-response relationships to calcium were virtually identical in the normal and denervated hearts (Fig. 6) . DISCUSSION The results of this study confirm the previous observaSecond, since the denervated heart is certainly not tions that extrinsic cardiac denervation results in an more reactive to isoproterenol, it may be at least stated augmented responsiveness to exogenous norepinephrine. that there does not appear to be a proliferation of post- effect. The difference, then, between the normal and denervated curves (Fig. 5) would represent the percent effect accounted for by NE release in the normal.
Hardman, et al (5) observed that in canine hearts treated with cocaine the contractile force and phosphorylase activity after isoproterenol were significantly less than in the normal. The same preparation showed a supersensitivity of these two parameters to both NE and epinephrine.
It could be theorized that cocaine had blocked the local release of NE by isoproterenol and thus resulted in a shift of the curve downward and to the right, The absence of a change in responsiveness to calcium suggests that the denervation has not induced nonspecific changes in the muscle cell membrane or its receptor sites. The latter distinction is demonstrated in these studies since calcium exerted the same effect in the normal and denervated hearts, whereas the beta-receptor agonists showed modified responses after denervation. 
